Background: Carbapenem-resistant Acinetobacter baumannii (CRAB) is a rapidly emerging, life-threatening nosocomial infection. This study aimed to explore the risk factors, clinical features, antimicrobial therapy, and outcomes of CRAB bloodstream infections (BSIs). Methods: This is a retrospective, comparative analysis of data from patients with A. baumannii BSI, treated from 2012 to 2015 at a tertiary teaching hospital. Risk factors associated with CRAB BSI and factors associated with the 28-day mortality were evaluated using logistic analyses. Results: Data from 293 patients with confirmed A. baumannii BSI were included; 242 (82.6%) patients had CRAB BSI and 51 (17.4%) patients had non-CRAB BSI. Risk factors significantly associated with CRAB BSI were a previous intensive care unit (ICU) stay (P=0.029), cefoperazone-sulbactam use (P=0.030), and carbapenem use (P=0.004). Among 236 patients with A. baumannii BSI who were evaluable at 28 days after receiving antibacterial therapy, there were 86 deaths. Factors associated with the 28-day mortality were ICU stay after BSI (P=0.040), readmission within 90 days (P=0.029), Acute Physiology and Chronic Health Evaluation II (APACHE II) score at diagnosis >19 (P=0.012), tigecycline therapy (P=0.021), presence of septic shock (P=0.029), and multiple organ failure (P=0.016). Death rates in patients treated with tigecycline were 53.5% vs 24.1% in patients treated with other agents. Among 186 patients with CRAB BSI evaluable at 28 days, 84 patients died. The associated risk factors were an ICU stay after BSI (P=0.036), APACHE II score >19 at diagnosis (P = 0.002), presence of septic shock (P=0.030), and multiple organ failure (P=0.007). Conclusion: This study demonstrated that an ICU stay and cefoperazone-sulbactam or carbapenem use were seen to be the risk factors associated with the development of CRAB BSI. Critical illness and tigecycline therapy were significantly associated with higher mortality of patients with A. baumannii BSI.
Infection and Drug Resistance Dovepress
submit your manuscript | www.dovepress.com including pneumonia, meningitis, bacteremia, and catheterrelated urinary tract infections. 1,2 A. baumannii is inherently difficult to eliminate by desiccation and disinfection, and resistance is emerging to many antibiotics. 3 Acinetobacter species are the fifth most common pathogens in intensive care units (ICUs) in 75 countries. 4 A. baumannii bloodstream infection (BSI) significantly extend hospital stay and increase mortality, with studies reporting an overall mortality rate of 29%-63%. [5] [6] [7] Overuse of invasive procedures, antibiotics, and steroids may have triggered the increase in A. baumannii BSI in recent years. 8 Carbapenem antibiotics are the principal agents used in the treatment of A. baumannii infections. 9 Extensive use has, however, resulted in a rapid increase in the incidence of carbapenem-resistant A. baumannii (CRAB) especially in critical care. One study conducted in the USA indicated that carbapenem resistance increased from 20.6% in 2002 to 49.2% in 2008. 10 In China, isolates of A. baumannii increased from 9.2% in 2005 to 11.1% in 2014 and resistance of A. baumannii strains to carbapenems increased from 31% to 66.7% during this period. 11, 12 Higher bacterial resistance is associated with an increased patient morbidity and health care costs. 13, 14 Sulbactam, tigecycline, polymyxin, aminoglycosides, and rifampicin have been recommended for the treatment of CRAB infections, but these recommendations lack systematic and comprehensive research-based clinical evidence, and no large-scale clinical trials have been conducted to evaluate treatment approaches in patients with A. baumannii BSI. 15, 16 In this retrospective analysis, we analyzed data from patients with confirmed A. baumannii BSI to identify risk factors associated with carbapenem resistance. We also aimed to improve the understanding of clinical manifestations, antimicrobial therapy, and patient mortality in order to identify potential approaches to improve infection control and clinical treatment.
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Methods
Inclusion criteria and study objectives
This study was conducted at the First Affiliated Hospital, College of Medicine, Zhejiang University, after receiving approval from the research ethics committee (Reference Number: 2017-699). This study did not directly interfere with the patients or show the medical record number, patients' name, or other personal information. There was no adverse effect on the rights of patients. Moreover, we keep patient' data confidentiality. Therefore, consent to review their medical records was not required by the Institutional Review Board. Patients evaluated in this study included those with A. baumannii BSI hospitalized from January 2012 to December 2015. BSIs were assessed by following the criteria proposed by the American agency, the Centers for Disease Control and Prevention (CDC). If patients had more than one episode of A. baumannii-BSI, only data from the first episode were included.
In this study, a three-part analysis was conducted (Figure 1 ), which aimed to 1) identify risk factors associated with CRAB BSI, 2) explore the prognosis of A. baumannii BSI, and 3) assess the risk factors associated with the 28-day mortality. Patients were categorized as "survivors" if they were alive after 28 days of infection; otherwise, they were included in the nonsurvivor group. Patients whose treatment time was <48 hours after BSI were excluded.
Data collection
Clinical data and laboratory results were collected from the hospital information system (HIS). The following data were collected: demographics, disease diagnosis, vital signs, laboratory reports at admission and infection, Acute Physiology and Chronic Health Evaluation II (APACHE II) score, invasive procedures prior to BSI, bacteriological examination, and use of antibiotics, steroids, and immunosuppressive agents before and after BSI.
Microbiological assessment and definition of terms
The identification and antimicrobial susceptibility of A. baumannii were determined using the VITEK 2 system (bioMérieux, Marcy-l' Etoile, France). Carbapenem resistance was defined as a minimum inhibitory concentration (MIC) of ≥8 µg/mL for imipenem and meropenem resistance by the breakpoints of the Clinical and Laboratory Standards Institute (CLSI) standards (2015) . 17 Cefoperazone-sulbactam susceptibility was based on the breakpoints of ampicillin-sulbactam (MIC 16/8 µg/mL). 18 Tigecycline susceptibility was determined using the US Food and Drug Administration (FDA) breakpoints. 19 Methylprednisolone therapy was defined as >20 mg/day administered for ≥7 days. Invasive procedure within 30 days prior to BSI was defined as invasive procedure used for ≥7 days within 30 days prior to BSI. Antimicrobial drug exposure was defined as the use of antibiotics for >72 hours within the 14 days prior to A. baumannii BSI. Appropriate therapy was defined as the treatment of a systemic antibacterial agent that demonstrated in vitro activity against A. baumannii within the initial 72 hours after A. baumannii BSI diagnosis. .05 in the univariate analysis were entered into a multivariate analysis using the multiple logistic regression method to determine the independent variables that were associated with carbapenem resistance and mortality. Variables with a P-value of <0.05 were considered independent risk factors, and the results are presented as the ORs and 95% CIs. The Kaplan-Meier method was used to estimate the survival distribution function. All tests were two tailed, and a P-value of <0.05 was considered statistically significant.
Results
Patient's characteristics
Data from 293 patients with A. baumannii BSI were included, 201 (68.6%) of whom were male ( Table 1 ). The mean age of the patients was 59.2±16.2 years; 99 (33.8%) patients were aged >60 years (Tables 1 and S1 ). Most patients (n=193, 65.9%) were diagnosed in the ICU (Table S2 ). Most patients (n=213, 72.7%) had underlying disease, the most common being hypertension, hepatitis/cirrhosis, and diabetes. Comorbid conditions occurred in 168 (57.3%) patients, the most common being pulmonary infection and septic shock. The mean APACHE II scores were 14.5±4.5 on admission and 18.8±5.8 at infection.
Bacterial isolates and drug susceptibility
Drug sensitivity testing showed that the resistance rates of A. baumannii to tigecycline, amikacin, and levofloxacin were low (10.0%, 28.6%, and 34.8% respectively), while the resistance rates of A. baumannii to cefepime, ciprofloxacin, imipenem, and piperacillin-tazobactam were high (82.9%, 81.9%, 82.6%, and 82.9% respectively; Table S3 ).
Risk factors associated with the development of carbapenem resistance
Univariate analysis showed that invasive procedures, a previous ICU stay, in-hospital complications, and the use of Table 2 ). As shown in Table 2 , use of tigecycline after BSI was an independent risk factor for the 28-day mortality. When the 236 patients with A. baumannii BSI were divided into two Figure 2A ). The APACHE II scores of the tigecycline group were higher than those of the nontigecycline group (Table  S4 ), suggesting that, for a more serious infection, tigecycline was used more frequently. Patients were also divided into three subgroups based on the APACHE II score at infection (APACHE II scores ≤15, 16-25, and ≥26) to clarify the impact of infection severity on the outcome of those patients. Patients receiving nontigecycline therapy had lower mortality rates than those receiving tigecycline therapy in all the three APACHE score groups, with this difference being statistically significant in the subgroup with an APACHE II score of 16-25 (P=0.031; Table 2 ). Assessment of differences in daily dosage of tigecycline (>0.1 and ≤0.1 g/day) did not change the mortality findings ( Figure 2B ). 
Risk factors for 28-day mortality in patients with cRaB BsI
Discussion
A. baumannii can cause a variety of serious infections and has emerged as an important nosocomial pathogen globally. The detection rate of CRAB and the incidence of multidrug-resistant A. baumannii (MDRAB) and pan-drug-resistant A. baumannii (PDRAB) are increasing especially in critical patients, as are the associated patient mortality and medical care costs. Therefore, identifying approaches to limiting the development of resistance, as well as defining effective treatment regimens that can reduce patient mortality, are an urgent requirement. In this study, an ICU stay and antimicrobial therapy before BSI were shown to be independent risk factors for CRAB. ICU patients are typically in a critical condition, have low immunity and high APACHE II scores, receive extensive antibiotic therapy, and undergo invasive procedures, making them susceptible to infection with CRAB. 20, 21 Regarding the association between antibiotic use and A. baumannii resistance, one study found that the use of fluoroquinolones, broad-spectrum cephalosporins, and carbapenems increased the risk of CRAB. 22 The present study showed that the use of cefoperazone-sulbactam and carbapenem antibiotics within the 30 days prior to BSI was independent risk factor for carbapenem resistance, that is, the first study to identify cefoperazone-sulbactam use as an independent risk factor for carbapenem resistance in A. baumannii. Sulbactam has activity against A. baumannii by binding to penicillin-binding protein 2 and has been recommended as a therapeutic agent to treat patients with A. baumannii-BSI, 23 while cefoperazone-sulbactam has been widely used to treat extended spectrum β-lactamase-producing enterobacterial and A. baumannii infections in China; 24 its use is not 
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Risk factors and outcomes in patients with cRaB BsIs supported by any systematic evaluation of efficacy. However, due to the extensive use of this drug, the rate of A. baumannii resistance to cefoperazone-sulbactam has increased from 25.0% in 2004 to 37.7% in 2007 in China. 25 The association between cefoperazone-sulbactam use and bacterial resistance has not previously been analyzed, and our findings suggest that more attention should be paid to the resistance incurred from the use of cefoperazone-sulbactam and further evaluation is urgently required.
In this study, an ICU stay after BSI, septic shock, multiple organ failure, and APACHE II score >19 at infection were shown to be risk factors for mortality, possibly indicating that the severity of the patient's disease was the main cause of death. Prognostic analysis showed that appropriate treatment within 72 hours was an independent protective factor for outcome. Previous reports show that effective drug therapy in the early stages is a key factor in survival. 8, 26 Erbay et al 27 showed that the mortality in patients receiving appropriate vs inappropriate antibiotic therapy within 48 hours is 39.5% vs 65%, respectively. We believed that appropriate antimicrobial treatment in the early stages is essential for A. baumannii-BSI patients.
CRAB BSI patients had more complications and more often died of critical illness. This study found that an ICU stay after BSI, APACHE II score >19 at infection, septic shock, and multiple organ failure were risk factors for the 28-day mortality in these patients.
As the incidence of CRAB has increased in recent years, tigecycline has been widely used for the management of this infection. However, the use of tigecycline regimens to treat patients with A. baumannii-BSI is controversial. 28, 29 Some small studies report the clinical cure rate to be 80%, 30 while a range of other studies [31] [32] [33] show tigecycline regimens to be less effective in the treatment of patients with A. baumannii BSI. Drug safety guidelines published by the US FDA refer to an increased mortality risk associated with intravenous tigecycline compared with other drugs used to treat serious infections. 31 A meta-analysis of 14 randomized trials with ~7,400 patients showed no benefit associated with tigecycline over standard antimicrobial agents for the treatment of serious infections, and the treatment success rate was lower with tigecycline than with control antibiotic agents. 32 Prasad et al 33 also found that tigecycline was associated with increased mortality (P=0.01) and noncure rates (P=0.01). In the present study, we found the use of tigecycline to be an independent risk factor for the 28-day mortality. By stratifying patients on the basis of APACHE II score, the mortality of the nontigecycline group was shown to be lower than that shown in patients treated with tigecycline in all APACHE II score subgroups, reaching statistical significance in patients with an APACHE II score of 16-25. We also demonstrated that a higher dose of tigecycline did not change the 28-day mortality trend. This result, in addition to data from previous studies, indicates that the use of tigecycline for the treatment of A. baumannii BSI should be considered with greater caution, despite this treatment approach being recommended by a Chinese consensus on the treatment of multidrug resistant (MDR) Gram-negative bacilli. 34 Although the underlying cause of higher mortality in trials of tigecycline is uncertain, inadequate antimicrobial activity in serum maybe an important reason. The standard dosing tigecycline regimen (100 mg load, followed by 50 mg every 12 hours) produces a maximum steady-state serum concentration of only 0.6 µg/ mL. 35 In severe infections with high bacteremia risk, low serum levels combined with bacteriostatic rather than bactericidal activity may lead to an unfavorable microbiological response. Direct drug toxicity or other mechanisms cannot be completely eliminated also as possible contributors to the higher mortality observed with tigecycline. 33 We acknowledge some limitations to this study. This was a retrospective study, and all patients with AB complex bacteremia treated at a single tertiary medical center during the study period were included in this study. Because the rate of CRAB, A. baumannii BSI treatment programs, and the use of tigecycline will differ in other hospitals, the study sample may not be broadly representative. However, to our knowledge, this is the largest cohort of patients with BSI caused by A. baumannii and is also the largest cohort of patients with BSI caused by CRAB. As such, the results can be used to facilitate the pre-emptive identification and targeting of patients who are at increased risk of CRAB and to evaluate optimal therapeutic approaches.
Conclusion
This study showed that CRAB BSI was associated with higher levels of mortality, and an ICU stay and cefoperazone-sulbactam or carbapenem use were identified as risk factors associated with its emergence. Critical illness and tigecycline use significantly increased the mortality of patients with A. baumannii BSI. With a higher observed mortality rate, we suggest that tigecycline should be used with caution for the treatment of A. baumannii BSI.
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